Introduction
Anxiety and depression are common in the setting of endstage renal disease (ESRD) with anxiety affecting 38% and depression 27% of individuals with kidney disease. 1 Both mood disorders are commonly clinically underdiagnosed 2 and suboptimally managed in patients with ESRD. 3 The identification of patients with anxiety and/or depression in the setting of ESRD is important as these mood disorders are strongly associated with impaired health-related quality of life 4, 5 and adverse events such as peritonitis, 6 hospitalization, 7-9 cardiovascular events, 10 dialysis withdrawal, 11 and death. 12, 13 Simple screening tools that can be self-reported may help identify patients with significant anxiety and depressive symptoms who are eligible for treatment. This is particularly important given recent recommendations to incorporate patient-reported outcomes into clinical care 14, 15 and the availability of potentially effective therapies for anxiety and depression in dialysis such as cognitive behavioral therapy. 16, 17 Given the prevalence and impact of these symptoms, we undertook a study to determine how well a patient-reported outcome measure that incorporates a single question for each of anxiety and depression performs compared with a longer, validated screening instrument.
Methods

Study Cohort
We performed a cross-sectional study of prevalent adult hemodialysis patients from 2 hemodialysis units (1 tertiary, 1 community) in Hamilton, Canada. A consecutive sample of hemodialysis patients from morning and afternoon dialysis shifts were approached. Eligible participants were (1) 18 years of age or older, (2) receiving in-center hemodialysis ≥2× weekly for at least the last 90 days, and (3) provided informed consent. Patients were excluded if they were unable to complete the study instruments due to a cognitive impairment or an English language barrier.
Study Procedures
We collected participant demographics, comorbidities, and laboratory results at baseline. Participants completed the following instruments during dialysis at the first study visit: the Hospital Anxiety and Depression Scale (HADS) 18 and the single anxiety and depression screening questions. The HADS 19 was used as the reference standard for anxiety and depression instead of other mood disorder screening tools given similar operating characteristics and its ability to concurrently screen for both anxiety and depression in a simple manner. It consists of 14 questions, with 7 questions for anxiety (HADS-A subscale) and 7 questions for depression (HADS-D subscale), and responses ranging from 0 to 3, with higher scores indicating worse symptoms in the last week. The reference cutoffs 20 for anxiety in dialysis is a HADS-A score of ≥6 or a HADS score of ≥12 and for depression in dialysis is a HADS-D score of ≥7 or a HADS score of ≥12 21 or ≥14.
The screening questions for anxiety and depression were based off of the Edmonton Symptom Assessment System (ESAS) that originates from palliative care 22 and has been extensively validated 23 in cancer settings and contains 10 symptoms measured on an 11-point scale anchored at 0 (no symptoms) and 10 (worst possible symptoms). It was validated cross-sectionally 24 and longitudinally 25 in dialysis patients.
Ethics approval was obtained by the Hamilton Integrated Research Ethics Board.
Statistical Analysis
A sample size of 50 was chosen based on previous studies evaluating the operating characteristics of anxiety and depression screening tools. 18 Assuming a 40% prevalence of anxiety, an area under the receiver operator curve (AUROC) of 0.8, and a 2-sided alpha of 0.05, a sample size of 50 patients would have greater than 97% power to detect a difference from an AUROC of 0.5. Assuming a 30% prevalence of depression, an AUROC of 0.8, and a 2-sided alpha of 0.05, a sample size of 50 patients would have greater than 95% power to detect a difference from an AUROC of 0.5.
Participant characteristics are described using means and standard deviations (SD) or medians and 25th to 75th percentiles for continuous variables and frequencies (%) for categorical variables. Differences between those who exceeded the HADS-A and HADS-D screening thresholds of 6 and 7, respectively, were compared with those who did not using a 2-sample t test for continuous variables and chi-squared test for categorical variables.
Using cutoffs of 1 to 10, the performances of the screening ESAS single questions for anxiety and depression were compared with HADS-A ≥ 6 and HADS-D ≥ 7 reference standards by calculating the screening question sensitivity, specificity, and AUROC. Sensitivity analyses were performed using the reference standards of HADS ≥ 12 for depression and HADS ≥ 14 for both anxiety and depression. The performance of ESAS screening questions and both HADS-A and HADS-D subscales were compared with the reference standard of a previously clinically documented diagnosis anxiety and depression. The relationship between ESAS single questions and HADS and both HADS-A and HADS-D subscales was assessed using Pearson correlation coefficients.
All statistical tests were performed at a P < .05 level of significance. All analyses were performed using STATA (Stata Statistical Software: Release 14; StataCorp LP, College Station, Texas).
Results
The study participants' characteristics are provided in Table 1 . Twenty-eight participants (56%) had a HADS-A ≥ 6 and 27 (54%) had a HADS-D ≥ 7. Individuals with a HADS-A ≥ 6 were more likely to be female and had higher serum phosphate (Supplemental Table 1 ). Individuals with a Note. Data are presented with mean (standard deviation) or number (percent). HD = hemodialysis; URR = urea reduction ratio; ESRD = endstage renal disease; DN = diabetic nephropathy; HTN = hypertension; GN = glomerulonephritis; CAD = coronary artery disease; PVD = peripheral vascular disease; OSA = obstructive sleep apnea; SSRI = selective serotonin uptake inhibitor; SNRI = serotonin norepinephrine uptake inhibitor; PTH = parathyroid hormone ; CVD = cerebrovascular disease.
HADS-D ≥ 7 were older and had a higher serum phosphate (Supplemental Table 2 ). ESAS scores for anxiety and depression correlated moderately with HADS-A and HADS-D subscales with Pearson correlation coefficients of 0.50 (P = .0002) and 0.56 (P = .0000), respectively (Figures 1 and 2 for scatterplots). ESAS scores for anxiety and depression correlated moderately with HADS with Pearson correlation coefficients of 0.45 (P = .001) and 0.61 (P = .0000) respectively, not shown). Only 7 (14%) of study participants had a previous documented clinical diagnosis of anxiety and 7 (14%) had a previous documented clinical diagnosis of depression. Four of 7 and 3 of 7 individuals were currently on pharmacotherapy (including a selective serotonin reuptake inhibitor or serotonin norepinephrine reuptake inhibitor) for anxiety or depression, respectively. Two of seven individuals with a previous diagnosis of anxiety and 1 of 7 individuals with a previous diagnosis of depression did not screen positive using the HADS-A and HADS-D. Two of 3 of these false negatives were on pharmacotherapy.
The optimal ESAS screening cutoff to identify anxiety defined by HADS-A ≥ 6 was an ESAS score ≥ 2 with a sensitivity of 75%, specificity of 91%, and an AUROC of 0.83 ( Figure 3) . Using ESAS to screen for previously documented anxiety, the optimal cutoff was an ESAS score ≥ 1 with a sensitivity of 71%, specificity of 58%, and an AUROC of 0.76. The optimal HADS-A cutoff to identify previous documented anxiety was ≥ 5 with a sensitivity of 71%, a specificity of 47%, and an AUROC of 0.59. Using ESAS scores of ≥ 1 out of 10 to screen for anxiety defined by HADS-A ≥ 6, the prevalence of anxiety was 50% with a sensitivity of 66.7%, specificity of 78.6%, and AUROC of 0.82. A sensitivity analysis using HADS ≥ 14 as the reference standard at an ESAS cutoff of 2 did not improve the operating characteristics (Supplemental Figure 1) .
The optimal ESAS screening cutoff to identify depression defined by HADS-D ≥ 7 was an ESAS score of ≥2 with a sensitivity of 81%, specificity of 74%, and AUROC of 0.81 (Figure 4) . Using ESAS to screen for previously documented depression, the optimal cutoff was an ESAS score ≥3 with a sensitivity of 71%, a specificity of 71%, and an AUROC of 0.71. The optimal HADS-D cutoff to identify previous documented depression was ≥9 with a sensitivity of 71%, specificity of 70%, and an AUROC of 0.71. Using ESAS scores of ≥1 out of 10 to screen for depression defined by HADS-D ≥ 7, the prevalence of depression was 72% with a sensitivity of 88.0%, a specificity of 76.0%, and an AUROC of 0.73. Sensitivity analyses using HADS ≥12 or ≥14 as the reference standards at ESAS cutoffs of 2 did not improve the operating characteristics ( Supplemental Figures 2 and 3 ).
Discussion
In this observational study of 50 hemodialysis patients from both tertiary and community dialysis units, single questions for the screening of anxiety and depression from the ESAS showed reasonable discrimination compared with HADS reference standards. ESAS cutoffs of ≥2 had a sensitivity of 75% and specificity of 91% for anxiety and a sensitivity of 81% and specificity 74% for depression. ESAS scores for anxiety and depression moderately correlated with HADS-A and HADS-D subscales as well as total HADS scores suggesting that ESAS single questions for anxiety and depression may be suitable screening tools given their operating characteristics, ease of administration, either alone or as part of the entire ESAS as a global symptom screening strategy.
ESAS has been previously evaluated as screening tool for anxiety and depression with HADS-A and HADS-D reference standards of ≥8 26 in 216 individuals from 3 different settings including male cancer survivors, patients with advanced cancer and dyspnea, and individuals receiving outpatient palliative care. In that study, the prevalence of anxiety was 43.6% and the prevalence of depression was 36.5%, and optimal ESAS cutoffs for screening were ≥2 for both anxiety and depression with similar sensitivities but worse specificities compared with our study (sensitivity 86% and specificity 56% for anxiety, sensitivity 77% and specificity 55% for depression, AUROC not reported). Given the overlapping somatic symptoms of ESRD and depression and the possibility of interference, it is surprising that ESAS performed more accurately as a screening tool for depression in our study. It is unclear why the performance of ESAS for the screening of anxiety was also more accurate in our study but this may be due to interference by symptoms and/or stressors unique to malignancy but not ESRD. It is reassuring that we identified ESAS cutoffs that were the same in a non-ESRD and diverse patient population with superior operating characteristics.
It should be noted that we did not use any formal gold standard, including a structured clinical interview with the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for anxiety and depression. Instead, we relied on a reference standard that has previously been validated for screening in dialysis and performed sensitivity analyses with dialysis specific reference cutoffs. The poor performance of both ESAS and HADS to screen for clinically documented anxiety or depression in our study is likely due to only 7 of 50 (14%) and 7 of 50 (14%) participants previously having these diagnoses, likely as a result of ascertainment bias due to underrecognition, inadequate documentation, and possibly fluctuating symptoms related to the natural history of these disorders and effective treatment.
Our study is limited by its relatively small size and homogeneous population from 2 hemodialysis units in Ontario, Canada. Our results cannot be extrapolated to home modalities or the nondialysis setting including chronic kidney disease or kidney transplant patients with potentially different biology of mental health disorders. We also excluded those with cognitive impairment or an English language barrier further limiting the generalizability of our findings. However, we did employ a broad approach for patient inclusion resulting in a study population representative of a typical dialysis unit in North America. Lastly, we included patients with a history of mood disorders as well as those undergoing treatment which may artificially bias the accuracy of screening tools. 27
Conclusions
Given the shift in priorities to include patient-reported outcome measures in the clinical care of dialysis patients, simple and accurate screening questions are needed to identify symptoms and conditions that remain underdiagnosed and suboptimally treated. ESAS single questions for anxiety and depression may be appropriate as initial screening tools in hemodialysis given their functionality and operating characteristics either administered alone or as components of the ESAS followed by either additional longer, disease-specific screening tools (eg, HADS or other depending on pretest/ posttest probabilities) and/or a clinical interview as the gold standard. Additional studies are needed to evaluate the ESAS single questions screening performances across centers and dialysis populations as well as set robust screening thresholds.
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